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ABSTRACT
A method fo r  th e  d e te c tio n  and de term ina tion  of antimony has 
been developed, based on the e x t r a c ta b i l i ty  o f antimony ( I I I )  a s  the  
io d id e  in to  benzene* The benzene e x tr a c t  i® subsequently  rea c te d  w ith  
an aqueous so lu tio n  o f Khodamine B, the  v io le t  complex o f antimony- 
Rhodamin© 8 fo rc in g  in  the  benzene la y e r .
As a spo t t e s t  fo r  antim ony, the procedure i s  s p e c if ic  and 
s e n s i t iv e .  P o te n tia l  in te r fe re n c e s  a re  removed by cond ition ing  th e  
t e s t  s o lu tio n  w ith  sodium e u l f i t e  and u re a . The t e s t  cond itions a re  
n o t c r i t i c a l*  A complete study ©f in te r fe re n c e s  has been made. The 
l im i t  of id e n t i f ic a t io n  Is  0 .2  microgram o f antimony a t  a co n cen tra tio n  
l im i t  of Is 300,000.
The spectrophotom © trie procedure, based on the  same re a c t io n s , 
perm its the  de te rm ina tion  of microgram q u a n ti t ie s  of antimony* The 
method I s  p r a c t ic a l ly  s p e c if ic ,  bismuth in te r f e r in g  only  i f  p re sen t In  
h igh  co n ce n tra tio n s . An in te r fe re n c e  study of the same scope as above 
has been made. The r e la t iv e  a n a ly s is  e r ro r  fo r  te n  micrograms o f a n t i ­
mony i s  t  5*0$. Th3 cond itions o f a c id ity  and reag en t co n cen tra tio n s 
have been s tu d ied  and have been shown to  have wide ranges o f to le ra n c e . 
The co lo r formed i s  s ta b le  fo r  a t  l e a s t  th ree  and one-ha lf hours.
A polarographic  study o f the mechanism in d ic a te s  th a t  antimony 
i s  e x tra c te d  in  the  t r iv a le n t  s t a t e .
v i
INTRODUCTION
In  re c e n t y ears  the  d e te c tio n  and de te rm ina tion  of sm all amounts 
o f antimony has come to  he a m atte r of considerab le  p r a c t ic a l  importance* 
Antimony, which has been known since  a t  l e a s t  3000 B .C ., i s  w idely 
d i s t r ib u te d ,  both  in  n a tu re  and in  man-made products* Many thousands 
o f  pounds o f i t  go each y ea r in to  th e  production  o f hard lead  (12% a n t i ­
mony), used in  the  production  o f sto rage  b a t t e r i e s ,  b u l le t s  and shrapnel# 
I t  i s  an im portant c o n s titu e n t o f bearing  m etal and of type m eta l, and 
w idely  used a s  a pigment in  the  p a in t and rubber in d u s tr ie s*  I t s  com­
pounds a re  o fte n  used In  the  trea tm en t of t r o p ic a l  d is e a s e s , thus f r e ­
quen tly  n e c e s s i ta t in g  i t s  de term ination  In  b io lo g ic a l  samples*
D esp ite  th ese  f a c t s ,  the  tra c e  chem istry of antimony has never been 
w e ll developed. The w r i te r ,  upon observing th a t  microgram q u a n ti t ie s  o f 
antimony ( I I I )  as the  io d id e  could be e x tra c te d  in to  benzene, has c a r r ie d  
o u t th e  p resen t study in  an a ttem pt to  am elio ra te  t h i s  s i tu a tio n *
1
REVIEW OF THE LITERATURE
A v a r ie ty  of reag en ts  have been proposed f o r  the d e te c tio n  o f a n t i ­
mony* E kkert (12) rep o rted  th a t  a la rg e  number of phenols, in c lu d in g  
th e  e re s o ls ,  o rc in o l , phenol, p h lo ro g lu c in o l, and thymol, g ive c o lo r  
re a c tio n s  w ith  chloroform  so lu tio n s  of antimony pentach loride#  G u tz e it 
(27) noted th a t  anthracene rea c te d  w ith a so lu tio n  of antimony t r i ­
c h lo rid e  in  carbon te t r a c h lo r id e  to  give a green c o lo ra tio n , while 
indene reac ted  w ith the  p en tsch lo rid e  in  carbon te t r a c h lo r id e ,  y ie ld in g  
a red  p re c ip ita te #
F e ig l (19 , 20, 21), using  p y ro g a llo l as a  reag en t fo r  antimony, was 
ab le  to  d e te c t  as l i t t l e  a s  fo u r m illig ram s of th© t r iv a le n t  io n  in  a 
l i t e r  o f so lu tion*  He a lso  amassed evidence fo r  the  s tru c tu re  o f the  
compound formed# A d i f f e r e n t  s tru c tu re  and a m o d ifica tio n  o f  F e ig l* s 
procedure were proposed by Takagi and Nags s i  {4-5, 4 6 ), a f t e r  t h e i r  study 
o f  the  p ry o g a llo l t e s t  f o r  antimony* G a llic  ac id  was found by R ossi and 
S e ren tes  (4-0) to  be u se fu l in  the  d e te c tio n  o f antimony in  the  presence 
of bism uth. More re c e n tly  Wenger, Duckert and Blanc pain (10, 51, 52) 
have recommended fluoron© (9 -m ethyl-2, 3, 7 -trihyd roxy~ 6-fluo rone) as a  
s e n s i t iv e  reag en t fo r  antimony (H I )#  At pH 4*0 they were ab le  to  d e te c t  
as l i t t l e  as 0 .2  microgram of antimony* They have a lso  e lu c id a ted  the  
s tru c tu re  o f  th© compound formed, and stud ied  the in te r fe re n c e s  which 
occur. U nfortunate ly  th© reag en t i s  not s ta b le  and i s  exceedingly  d i f ­
f i c u l t  to  p repare ; c a re fu l c o n tro l o f pH i s  a c r i t i c a l  p a r t  o f the  proce­
d u re . Oxine was observed by P ir te a  (39) to  give a yellow  p re c ip i ta te  
w ith  as l i t t l e  as twelve raicrograms of antimony t r ic h lo r id e  in  f iv e
2
3m i l l i l i t e r s  of so lu tio n , b u t the procedure s u f fe rs  from many I n te r ­
ferences*
Ammonium dithioearbam at©  Is  a s e n s i t iv e  reag en t f o r  antim ony, ac­
cording  to  H e lle r  and Macheck (2 9 ), b u t th e re  a re  many in te r f e r in g  ions* 
The same was found to  be t ru e  o f cyclohexylethylam inediih iocarbam ate by 
Herrmann-Gur f  i  nfce 1 (3 0 ), and by Dubsky and Nejevova (9)» Haiman (38) 
used 2-m ethylben20thiazole a s  a drop re a  ©nt f o r  antim ony, w hile Dubsky, 
Okac and T r t l le k  (8 ) , found th a t  2 , 5-dim ercapto-1 , 3 , A -th iod iazo le  
could d e te c t  a s  l i t t l e  as one microgrum of antimony? again  th e re  were 
many in te r fe re n c e s .  Thiourea was observed by Yoe and O verholser (55) 
to  g ive a p a le  yellow p r e c ip i ta te ,  s u ita b le  fo r  the  d e te c tio n  of antimony; 
some twenty Ions in te r fe re d  w ith t h e i r  procedure*
C a ille  and V ie l (1 ) d iscovered  the  re a c tio n , which now b ears  th e i r  
name, in  which antimony ( I I I )  re a c ts  w ith a b a s ic  n itrogenous compound 
and potassium  io d id e  to  g ive a yellow  c o lo r  or p r e c ip i ta te ,  s u ita b le  fo r  
tb e  m icroscop ical d e te c tio n  of antimony* They in v e s tig a te d  a la rg e  
number o f n itrogenous compounds a s  rea g en ts , includ ing  q u in o lin e , a n t i -  
p y rin e , p y rid in e , cinchonine, e s p a r t in e , morphine, qu in ine , s try c h n in e , 
v e ra tr in e ,  and cocaine* There a re  many in te r fe re n c e s  to  t h e i r  procedure, 
bism uth being among the most se r io u s . M artin i (36) advocated the us© o f 
c a ffe in e  as the  n itrogenous compound fo r  th i s  procedure,
A number o f  lake-form ing d y e s tu ffs  have been in v e s tig a te d  as poten­
t i a l  reag en ts  fo r  antimony* Smith and Eogers (A3) proposed Bismark Brown, 
Bordeaux Red, Hoffman V io le t 3R and phenosafran ine, while Dubsky (7) used 
gallocyanin©  as a reagent* None of these  dyes proved to  be s a t i s f a c to r i l y  
s e n s i t iv e ,  a lthough  gallocyanin© was h igh ly  se le c tiv e  In  a s tro n g ly  
a c id ic  medium* The fa m ilia r  d y e s tu ff  morin was observed by Goto (26)
4“to  g ive an exceedingly  de lic ti "be fluo rescence  t e s t  w ith  antimony ( I I I } , 
capable o f d e te c tin g  as l i t t l e  as 0*05 microgram. U nfo rtuna te ly , as 
i s  tru e  w ith  so many procedures involv ing  f lu o re sc en c e , th e re  a re  many 
io n s  which in te r fe re *
Bhodamin® B, a xanthone dye s t u f f ,  was in  1927 d iscovered  by 
Eegriwe (11) to  r e a c t  w ith solution©  o f p en tav a len t antimony, the  red  
c o lo r  o f the  rea g en t being thereby  changed to  v io le t  o r b lu e , sometimes 
w ith th© form ation of a f in e ly  d iv ided  p r e c ip i ta te .  The reag en t a s  used 
by Eegriw© was n o t s p e c i f ic ,  o r even s e le c tiv e , as i t  could a lso  be used 
fo r  the  d e te c tio n  of bism uth, c o b a lt, columbium, go ld , manganese, mercury, 
molybdenum, tan ta lum , th a lliu m , and tungsten* I t  was, however, a h ig h ly  
s e n s i t iv e  re a g e n t, e a s i ly  p repared , and s ta b le  in  so lu tion*  4 s such, 
i t  was r a th e r  w idely used as a confirm atory  t e s t  f o r  antimony in  
system atic  schemes o f a n a ly s is  (4 , 5, 4 7 ). With th is  reagen t Eegriwe 
was ab le  to  d e te c t  0 ,5  microgram of antimony (V) in  the  presence o f 
even 12,500 tim es a s  much t i n .  In  th© procedure employing aqueous media 
th e  presence o f ch lo rid e  ion  I s  a b so lu te ly  necessary ; o rd in a r i ly  the  t e s t  
so lu tio n  i s  made s tro n g ly  a c id ic  w ith hydroch lo ric  acid* Th© antimony,
I f  p resen t in  the  t r iv a le n t  s t a te ,  most be ox id ized , o rd in a r i ly  w ith  
sodium n i t r a t e ,  before  making th© t e s t .  The com position of th© re a c tio n  
product i s  not known* (50).
F e ig l (16) appears to  regard  only  f iv e  test©  fo r  antimony as worthy 
o f  mention* In  a d d itio n  to  th e  Rhodamine B an^ fluoron© procedures, he 
d e sc rib e s  th© t e s t  by reduc tion  to  the  m etal, th© luminescence t e s t ,  and 
th e  t e s t  employing phosphomolybdic ac id  a s  a reagent* The f i r s t  o f 
th ese  (17) has poor s e n s i t iv i ty ;  the  l a t t e r  two (6 , 22) a re  of e x c e lle n t
5s e n s i t iv i t y ,  b u t su f fe r  from a lack  o f s e le c tiv i ty *
S ince the  appearance o f Felgl* a (16) book, on© good spo t t e s t  
procedure fo r  antimony has appeared , namely the  one of West and Conrad 
(5 4 ), which employs a s o lu tio n  o f gossypol in  acetone a s  a reagent*
T his procedure i s  very s e n s i t iv e  and h ig h ly  s e le c t iv e ,  b u t does have 
c e r ta in  d isadvan tages; the  a c id i ty  of the t e s t  so lu tio n  must be 
c a re fu l ly  c o n tro lle d  and th e  reag en t i s  no longer re a d ily  av a ila b le*
Very re c e n tly  H einrich  (2d) has in troduced  an im portan t m odifica­
t io n  o f  the  Rhodamin© B procedure, in  which he e x tr a c ts  antimony (V) 
from 2 N hyd roch lo ric  ac id  so lu tio n  in to  d ie th y l  e th e r ,  then re a c ts  th© 
o th e r  la y e r  w ith an aqueous so lu tio n  o f Khodamlne B* T in , bism uth, 
go ld , th a lliu m , iod ide  and th io cy an ste  I n te r f e r e  w ith th e  procedure*
U nfo rtunate ly  th© a v a ila b le  methods f o r  the  de te rm ina tion  o f 
microgram q u a n ti t ie s  of antimony a re  in  no b e t t e r  s ta te  th a n ,th e  means 
fo r  d e te c tin g  them* Ho le s s  an a u th o r ity  than Sandell (41) has s ta te d  
b lu n tly  t h a t  * the  tra c e  chem istry of t h i s  elem ent (antimony) i s  no t w e ll-  
defined*"
Bp to  the  p a s t decade the  well-known iod ide  re a c tio n  had fo r  many 
y ears  formed th© b a s is  fo r  most co lo rim e tric  de te rm ina tions o f tra c e  
amounts of antimony* In  th i s  method (15, 31, 37) antimony ( I I I )  in  
s tro n g ly  a c id ic  so lu tio n  i s  t r e a te d  w ith excess io d id e  ion  to  form the 
h ig h ly  co lo red  (Yellow) potassium  te tra iodoan tlm onate  ( I I I )  complex* 
A scorbic ac id  or hypophosphite i s  p resen t to  reduce sm all amounts of 
f re e  io d in e  which may be lib e ra te d *  Many ox id iz in g  anions can in te r fe re *  
Bismuth g ives a s im ila r  c o lo r , bu t I t s  c o n tr ib u tio n  to  the o p t ic a l  den­
s i t y  can be su b trac ted  i f  a reagen t o f a c e r ta in  potassium  iod ide
6co n cen tra tio n  i s  used* The re a c tio n  i s  c a rr ie d  out in  10% s u l fu r ic  
a c id  so lu tion*
C larke (2) and o th e rs  (14 , 42) have used the  golden yellow  c o lo r  
formed w ith py rid ine  and an io d id e  in  acid  so lu tio n  fo r  the determ ina­
t io n  o f antimony* The optimum c o lo r  development occurs in  1*3 s u l fu r ic  
a d d *  The co n cen tra tio n  o f iod ide  and of pyrid ine  a re  c r i t ic a l*  F a ir ly  
sm all amounts o f a rse n ic  and t i n  do n o t in te r fe re *  b u t bism uth, s in e  
and se v e ra l o th e r  m etals g ive co lo red  p re c ip ita te s*  Any p an tav a len t antimony 
p re sen t i s  reduced to  th© t r iv a le n t  form, which reac ts*  S u lfurous ac id  
i s  added to  the reagen t to  reduce any fra© iod ine  which n ig h t be 
l ib e r a te d .  Gum a ra b le  i s  used to  keep the  complex formed in  suspension*
V asilev  and Shub (4$) have m odified the  p y rid in e -io d id e  procedure 
by e x tra c tin g  th© developed c o lo r  in to  amyl alcohol* This s te p  In c re a ses  
the  s e n s i t iv i ty  of the method*
An o ld  method (13) fo r  th© estim a tio n  o f antimony u t i l i s e d  a c o l­
lo id a l  suspension of the  o range-colored  su lfid e*  Any penta v a le n t antimony 
was reduced beforehand w ith s u lfu r  dioxide* T his method gave f a i r  ac­
cu racy , b u t only i f  a l l  o th e r  m e ta llic  c o n s titu e n ts  had been removed 
p r io r  to  th e  determ ination* Gum a ra b le  was used to  s t a b i l i s e  th e  sus­
pended su lfide*
The fa m ilia r  molybdenum blu© re a c tio n  has been app lied  to  the  
determ ination  of antimony (32 ), th© re a c tio n  being th a t  o f antiraonous 
io n  on phosphontolybdic acid* I ro n , copper and t i n  in te r f e r e  i f  p re sen t 
in  sm all amounts* The pH o f th© system re q u ire s  c a re fu l c o n tro l .
The re a c tio n  o f t r iv a le n t  antimony w ith phosphom olyM otungstlc ac id  
has a lso  been used fo r  i t s  c o lo r im e tr ic  e s tim a tio n  (3 4 ).
7In  the  absence of a rs e n ic , antimony may be evolved a s  s t lb in e  and 
estim ated  by th e  In te n s ity  of the  s ta in  formed on m ercuric ch lo rid e
paper (3)* This method has been w idely used ,
F rederick  (2A) was a p p a ren tly  the  f i r s t  to  u t i l i z e  Khodamlne B 
as  a reagen t fo r  the  de te rm ina tion  of antimony* His procedure in ­
volved cooling  the  rea c te d  system to  below 10° 0*, a t  which p o in t the 
antimony-Khodamine B complex was in so lu b le , and destro y in g  the excess 
reag en t w ith brom ine. This was a c r i t i c a l  o p e ra tio n . The complex was 
then  d isso lv ed  in  a lco h o l fo r  the  co lo rim e tr ic  e s tim a tio n . A c a re fu lly  
determ ined blank was e s s e n t ia l ,  and the  method requ ired  an experienced 
o p e ra to r , as  "about 1$ of a l l  analyses" f a i le d  in  F re d e r ic k 's  hands#
W ebster and F a irh a l l  (49) provided a considerab le  advance over
F re d e r ic k 's  work by in troduc ing  the  use o f  benzene to  e x tra c t  the  m etal- 
dye complex a f t e r  i t s  form ation in  the aqueous so lu tio n , thus sho rten ing  
th e  procedure and making i t  considerab ly  more re l ia b le #
Maren (35) u t i l i z e d  th© work o f  Webster and F a i rh a l l  (49) In  de­
velop ing  h is  procedure fo r  th e  de term ination  o f antimony in  b io lo g ic a l  
t i s s u e s .  In  a d d itio n , he proposed an Im portant a l te rn a t iv e  method 
w herein antimony, in  th© p en tava len t s t a te ,  i s  e x tra c te d  In to  Isopropy l 
e th e r ,  The e th e r  la y e r  i3  removed and shaken w ith an aqueous so lu tio n  
o f Rhod&mine D, whereupon the co lored  complex i s  developed In  the  e th e r ,  
and measured photom etrically*  In  Isopropyl e th e r  the  complex does no t 
obey B eer’s Law, and the c o lo r i s  no t s ta b le  fo r  more than th i r t y  
m inutes, bu t the  e x tra c tio n  procedure a id s  m a te r ia lly  In  gain ing  sp ec i­
f ic i ty *  Maren stud ied  only eleven m etals as p o te n tia l  in te r fe re n c e s .
At 1 m illigram  a rse n ic , t i n  and iro n  in te r f e re d . The in te rfe re n c e  o f 
iro n  was e lim in a ted  by using the e th e r  method#
Th© procedure of Maren has been s tud ied  by Freeman (2 3 ), who noted 
th a t  th© con cen tra tio n  of s u l fu r ic  acid  in  th© so lu tio n  to  be e x tra c te d  
e x e rted  a marked e f f e c t  on the  c o lo r in te n s i ty  o f the  r e s u l ta n t  e x tra c t*  
G elhom  and o th e rs  (25) have ap p lied  the  method of Maren to  the  estim a­
t io n  o f antimony in  c l i n i c a l  work*
EOTRIM Sm i*
I* M ate ria ls  and Apparatus
0*1000 gram o f  m e ta ll ic  antimony (OP grade, Baker and Adamson) was 
c a re fu l ly  weighed, d isso lv ed  in  25 m i l l i l i t e r s  o f h o t concen tra ted  su l­
fu r ic  a c id , allowed to  c o o l, and d i lu te d  to  100 m i l l i l i t e r s  w ith  water#
I t  was then made up to  one l i t e r  w ith I s 3 s u lfu r ic  acid* More d i lu te  
standards were made up from t h i s  so lu tio n  by p ip e t t in g  th e  ap p ro p ria te  
volumes in to  100 m i l l i l i t e r  volum etric  f la s k s  and d i lu t in g  to  volume w ith 
1 :3  s u lfu r ic  acid* These a re  th© standards recommended by S n e ll and 
S n e ll (44) f o r  th e  c o lo rim e tr ic  de te rm ina tion  o f antimony.
10$ potassium  iod ide  so lu tio n  was prepared by d isso lv in g  10 grams 
o f the CP s a l t  and d i lu t in g  to  100 m i l l i l i t e r s  w ith  water*
CP benzene was used w ithout f a r th e r  p u r if ic a tio n *
1:3  s u l f u r ic  a d d  was prepared by d i lu t io n  of th© concen tra ted  GP 
s h e lf  reagen t w ith  the ap p ro p ria te  volume o f water#
Th© Bhodamine B so lu t lo  was prepared by d isso lv in g  0.200 grams 
o f th e  d y e s tu ff  in  w ater and d ilu tin g  to  100 m i l l i l i t e r s  w ith water*
This so lu tio n  was f i l t e r e d  before  using*
C a lib ra te d  w eights and volum etric  glassw are were used throughout 
the  work#
A Beckman Model B spectrophotom eter was used fo r  the  g re a te r  p a r t  
of the  work described  herein#
A Beckman Model DU spectrophotom eter was used to  check c r i t i c a l  
p o in ts  In  the  work* The same Corex c e l l s ,  o f 1*00 cen tim ete r path  le n g th , 
were used in  both instrum ents#
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A Sargen t Mortal XU p o la r  ograph was used in  the po larographic  study 
o f the  mechanism of the  e x tra c t io n , A Bausoh and Lonb la rg e  L i t  trow 
spectrograph  wa® used in  the spectrograph!^  survey o f the  e x tra c tio n .
I I .  The Spot T est D etec tion  of Antimony
In the  course o f a search fo r  a s u ita b le  so lv en t fo r  the e x tra c tio n  
of the potassium  tetradodoan  t  imoneite ( I I I )  complex, the  au tho r observed 
th a t  the  strong  yellow  co lo r o f th© complex d isappeared  when aqueous 
(a c id ic )  so lu tio n s  of i t  were shaken w ith benzene. Upon removing the 
benzene la y e r  and shaking I t  w ith  an aqueous so lu tio n  of Rhodamine B, 
the  v io le t-c o lo re d  complex o f antimony-Rhodamine B was observed to  form 
in  th e  benzene. T his was obviously a re a c tio n  w ell worth fu r th e r  study, 
from both a q u a li ta t iv e  and a q u a n ti ta t iv e  s tan d p o in t.
The i n i t i a l  t e s t  so lu tio n  was one o f antimony t r ic h lo r id e  in  X N 
hyd roch lo ric  a c id , prepared so as to  give a con cen tra tio n  o f  f iv e  
raicrograms o f antimony ( I I I )  per d rop . One drop o f t h i s  so lu tio n  was 
d i lu te d  in  a t e s t  tube with, f iv e  drops of 1 H hydroch lo ric  a c id , a drop 
o f 10$ potassium  iod ide  so lu tio n  was added, and the aqueous so lu tio n  was 
then  e x tra c ted  by v igo rously  shaking w ith  one m i l l i l i t e r  of benzene.
Upon shaking the  yellow c o lo r  o f the  KSbl^ complex was observed to  d is ­
appear. The benzene la y e r  was then removed w ith a pdpet and pu t in to  a 
second t e s t  tu b e . To th i s  tube was added a drop of a 0,2% aqueous so lu­
t io n  of Rhodamine B, and the tube was then v igo rously  shaken* The 
c h a r a c te r i s t ic  v io le t  hue of th© antimony-Rhodamln© B complex was 
seen to  appear a t  once In  the benzene la y e r .  A blank o f one drop o f 
IN HOI, t r e a te d  s im ila r ly , produced no co lo r in  the  benzene la y e r .
HA study of the  l im i t  o f id e n t i f ic a t io n  of th is  procedure In d ica te d  
th a t  as l i t t l e  a s  0 .2  microgram of antimony could be d e te c te d . An in ­
te r fe re n c e  study was then begun; the  f i r s t  compound te s te d ,  sodium 
n i t r a t e ,  im parted to  the  benzene la y e r  a s tro n g ly  f lu o re sc e n t b lu ish  
c o lo r , which com pletely masked the  t e s t  c o lo r . As sodium ch lo rid e  
d isp layed  no such behav io r, i t  was obvious th a t  n i t r a t e  was th e  in t e r ­
fe rin g  io n . T his was most s e r io u s , in  view of th© widespread occurrence 
o f n i t r a t e .
An obvious method of a tta c k  was to  remove the n i t r a t e  by adding 
s u lfu r ic  a c id  and b o ilin g  down to  fumes o f s u lfu r  t r io x id e , b u t th© 
v o l a t i l i t y  o f antimony t r ic h lo r id e  precluded th i s  s te p . The a d d itio n  
of a p re c ip i ta n t  fo r  n i t r a t e ,  such a s  N itron , .would have made the  pro­
cedure too  cumbersome.
Every p r io r  in v e s tig a to r  o f the  antimony-Ehodamine B re a c tio n  had 
rep o rted  th e  presence of a la rg e  co n cen tra tio n  of ch lo rid e  ion  a s  ab­
so lu te ly  e s s e n t ia l  to  the  form ation of th© complex. The w r i te r ,  in  
th e  hope th a t  iod ide  might serve a s  an accep tab le  s u b s ti tu te  fo r  
c h lo r id e , p repared  standards of (m e ta llic )  antimony in  1*3 s u lfu r ic  
a c id . To on© drop of such a s tandard , con ta in ing  te n  micrograms o f  
antimony ( I I I ) ,  were added f iv e  drops o f 1*3 s u lfu r ic  ac id  and one drop 
o f 10$ potassium  iodide* The so lu tio n  was then e x tra c te d  w ith  on© 
m i l l i l i t e r  of benzene, w ith v igorous shaking. The benzene la y e r  was 
removed and to  i t  was added on© drop of the  0.2% aqueous Rhodarain© B so lu ­
t io n .  Upon shaking , the  c o lo r  of th© antimony-Hhodamine B complex 
appeared in  the benzene, d e sp ite  the  f a c t  t h a t  ch lo rid e  ion  had been 
nowhere p re se n t in  the procedure.
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I t  was then  a simple m a tte r  to  remove the  in te r f e r in g  n i t r a t e  
by h ea tin g  the t e s t  so lu tio n  to  fumes of s u lfu r  t r io x id e ,  adding 
w ater to  reg a in  approxim ately the  i n i t i a l  volume, and proceeding a s  
above w ith the  ad d itio n  o f th e  potassium  iod ide  and subsequent steps* 
l a t e r  i t  was found th a t  the in te r fe re n c e  a sc rib ed  to  n i t r a te  
could be more e x p ed itio u s ly  removed by the  a d d itio n  of a few m i l l i ­
grams o f s o l id  u rea  to  the  t e s t  so lu tion*  Inasmuch as urea i s  known 
to  reduce n i t r i t e s  bu t n o t n i t r a t e s ,  t h i s  makes i t  appear l ik e ly  th a t  
the in te r fe re n c e  was due to  th e  sm all amount of n i t r i t e  p resen t a s  an 
im purity  in  n i tr a te s *  The a d d itio n  of u rea  was a ls o  com pletely e f ­
fe c t iv e  in  removing the  in te r fe re n c e  due to  n i t r i t e  as such*
i s  a n tic ip a te d , s trong  o x id is in g  agen ts such as permanganate and 
brornate in te r f e re d  w ith the  procedure, as  described  above, by the  
l ib e r a t io n  of f r e e  iodine* Upon e x tra c tio n  th© benzene la y e r  was so 
h ig h ly  co lored  by th e  iod ine  th a t  the t e s t  co lo r was com pletely masked* 
T his d i f f i c u l ty  was circumvented by allow ing th e  o x id a tio n  o f io d id e  
to  proceed to  com pletion, and then subsequently  reducing the  l ib e ra te d  
io d in e  w ith an excess o f sodium s u l f i t e  befo re  proceeding w ith  the  
e x tra c tio n  and c o lo r development*
I n i t i a l l y  the te s t  c o lo r  was viewed by hold ing  th e  t e s t  tube con­
ta in in g  th e  ben zene-Khoda mine B a g a in s t a w hite background, and com­
paring  i t  w ith  a b lank  tr e a te d  s im ila rly *  Using th is  method I t  was 
d i f f i c u l t  fo r  an inexperienced  o p e ra to r to  d e te c t antimony in  very  low 
concen tra tions*  Therefore th© w r i te r  m odified th e  procedure, p ip e tt in g  
th e  benzene e x tr a c t  d i r e c t ly  in to  th© depression  of a whit© spo t p la te ,  
and c a re fu l ly  adding to  i t  the  drop o f aqueous reagent* The reag en t drop
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remained I n ta c t  in  the c en te r  of the  d ep ress io n , and th e  complex could 
be seen d if fu s in g  in to  the benzene la y e r , i t s  c o lo r  c o n tra s tin g  sharp ly  
w ith  th e  whit© background* This provides a very  s t r ik in g  and e f fe c t iv e  
dem onstration  o f th e  spo t t e s t  method o f an a ly sis*
Th© spo t t e s t  procedure, as f i n a l ly  developed, i s  as follow ss 
one drop of th e  t e s t  so lu tio n  i s  p laced in  a t e s t  tu b e , f iv e  drops of  
I t 3 s u l f u r ic  ac id  and on© drop of 10$ potassium  iod ide  a re  added, 
follow ed by a few m illigram s of s o lid  urea* I f  f re e  iod ine  appears to  
be l ib e r a te d ,  s o lid  sodium s u l f i t e  should b© added u n t i l  the c o lo r  i s  
discharged* Th© so lu tio n  i s  then  e x tra c te d  by shaking v igo rously  w ith  
one m i l l i l i t e r  of benzene* The benzene la y e r  i s  removed w ith a p ip e t  
and placed in  the  dep ression  o f a white spo t p la te ,  in  the c e n te r  o f  
which a drop of 0*2$ aqueous Bhodamine B i s  then  placed* In te rp re ta t io n  
o f  th© t e s t ,  based on the appearance of the  v io le t  complex in  th© ben­
zene, la  mad© w ith in  ten  seconds* The b lank w i l l  have only a very  f a i n t  
p ink ish  hue*
A system atic  study o f in te r fe re n c e s  to  t h i s  procedure was made, 
a f t e r  th e  manner suggested by West (53)* Th© ions stu d ied  were p resen t 
In & con cen tra tio n  r a t io  o f  1000 micrograms of th© ion  to  10 micrograms 
o f antim ony. The ions stu d ied  a re  shown in  Table I .  Wo in te r fe re n c e s  
were found a t  th i s  ra tio *  I t  was found th a t  bism uth, a t  1000 m icro- 
grams, gave a t e s t  c o lo r  th a t  might have been m istaken fo r  antimony 
a t  0*2 micrograms*
Th© determ ination  o f the  l im i t  of id e n t i f ic a t io n  and co n cen tra tio n  
l im i t  of the  procedure was c a r r ie d  ou t in  the manner p rescribed  by 
F©igl (18)* They a re  as follow s?
TABLE I
Scope of In terference  S tudies
I II i n IV V VI VII VIII Miscellaneous
LI / Be & BOa - COj •**' w * / F - Fa 44 CN -
Na / ag H b4° 7 — SiO^ *" W)2 ~ 32°3 "* Cl - Fe 444 Fe(CH)6 —
K / Ca / / A1 ;W Ti / / / / KO3 - SO3 - CIO3  - Go 44 Fe(G5)6 ----
Cu / / Zn / / Zr 4444 H2 P02 - S0 4  ~ C104 - Ni 44 NC3 -
Rb / S r I n Sn 44 HPO3 — Cr / / / Mn 44 HuCl^ —*
H  / Cd La Sb 4444 ?4.°13 — ~Cr2°7 " Mn04  » RhCl^ —
Cs / Ba # n  / Ce P6°1S --------SeO^ — Br - PdCl^ —
AuCl^- Hg / Pb / / PO3 - SeO^ — B r^  * OsO  ^ —
Hg y Th +444 hpo4 -- MoO^  — I - , IrCi^ — *
?2°7 ---- T©03 — 0 V* 1 FtGl6 ~
VO3  - TeO^ — Ee04 -
HASO3 — WO^  —
HAs04  -  002 44
B1 444 U04 —
K
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L im it o f Id e n tif ic a t io n s  0 .2  microgram of antimony 
C oncentration L im it: 1:300,000
The e f f e c ts  of changing the re a c tio n  co n d itio n s were s tu d ie d , Mid 
i t  was found th a t  n e ith e r  the  ac id  c o n ce n tra tio n , nor the  io d id e  con­
c e n tra t io n , nor th© reag en t co n cen tra tio n  are  In  any way c r i t i c a l*
The procedure was c a r r ie d  out in  co n cen tra tio n s  o f s u l fu r ic  ac id  
varying from 4- N (1 :8 ) to  18 H (1 :1 ) w ithout ad v erse ly  a ffe c tin g  the 
s e n s i t iv i t y .  At h igher ac id  co n ce n tra tio n s  the a l r - o x id a t lon o f the  
a c id ic  io d id e  so lu tio n  I s  g re a tly  a c c e le ra te d , however, and i f  i t  i s  
d e s ire d  to  e lim in a te  the  a d d itio n  o f s u l f i t e  th© a c id i ty  should be kept 
below 12 N. I f  the  a c id i ty  f a l l s  much below 4. N the  s e n s i t iv i ty  o f the  
procedure I s  diminished#
The co n cen tra tio n  of the potassium  io d id e  so lu tio n  added was 
v a rie d  from 2% to  20$, In  increm ents o f 2%, w ithout decreasing  the  
s e n s i t iv i ty .  H igher concen tra tions of the io d id e  are  o f course le s s  
s ta b le ,  and a re  le s s  convenient on th a t  account.
Rhodamine B concen tra tions of 0.02%, 0 . 05%, 0.1%, and 0.5% were 
te s te d .  Ho e f f e c t  on the  s e n s i t iv i ty  of th© procedure was observed.
I I I .  The Spectrophotom etric D eterm ination o f Antimony
The standard  so lu tio n s  o f antimony in  I s 3 s u lfu r ic  a c id , described  
above, were used throughout t h i s  phase o f  the  work, except as noted  in  
th© second paragraph below.
To one m i l l i l i t e r  of a so lu tio n  con tain ing  10 micrograms o f a n t i ­
mony was added 0 .1  m i l l i l i t e r  o f 10% potassium  io d id e . This so lu tio n  
was su ccess iv e ly  ex tra c ted  w ith  th re e  1 .5  ml. 11I I i t e r  p o rtio n s  of benzene. 
The benzene e x tra c ts  were removed by p i  p e t and combined, and to  them was
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added 0 .1  m i l l i l i t e r  of' a 0.2% aqueous so lu tio n  of Rhodamine B« A fte r  
thorough shaking the  colored  benzene la y e r  ms removed from the  reag en t; 
complete removal was in su red  by washing the  reag en t w ith  two 1 .5  m il: i~ 
l i t e r  p o rtio n s  of benzene. The combined co lored  benzene la y e r  and 
washings were placed d i r e c t ly  in  a 10 m i l l i l i t e r  vo lum etric  f la s k ,  and 
the  so lu tio n  was d i lu te d  to  the  mark w ith benzene. The abso rp tio n  
spectrum of th e  benzene so lu tio n  was then  observed, using a Beckman 
Model DU spectrophotom eter. The curve i s  shown in  Figure 1 . (A)
To one m i l l i l i t e r  o f a so lu tio n  contain ing  20 micrograms o f an* 
tim ony, a s  th e  t r ic h lo r id e ,  in  concen tra ted  h; d ro c h lo r ic  a c id , was 
added on© drop of 10% sodium n i t r i t e  so lu tio n , to  ox id ize  th e  antimony 
to  th© p en tav a len t s t a te ,  This so lu tio n  was warmed fo r  f iv e  m inutes 
to  d e s tro y  the  n i t r i t e ,  was cooled , and 0 ,1  m i l l i l i t e r  o f 0,2% aqueous 
Rhodamine B so lu tio n  was added, The antlmony-Ehodamine B complex was 
then e x tra c te d  from th© so lu tio n  by shaking w ith  th ree  successive  two 
m i l l i l i t e r  portion© of benzene, Th© e x tra c ts  were combined and placed 
in  a ten  m i l l i l i t e r  volum etric  f la s k ,  then d ilu te d  to  the mark w ith  
benz?ne. The abso rp tion  spectrum of th i s  so lu tio n  was then observed, 
using  a Beckman Model DU sp e c tre  hotometer* The r e s u l ta n t  curve i s  
shown in  Figure 1 , (B)
To t e s t  th e  conform ity o f the co lored  complex to  Beer*® Law, Hie 
procedure was ap p lied  to  fo u r so lu tio n s  o f widely varying antimony 
c o n ce n tra tio n . One m i l l i l i t e r  volumes o f so lu tio n s  con ta in ing  5, 10,
20, and 4-0 mlcr©grams of antimony pe r m i l l i l i t e r  were d e liv e red  from a 
c a l ib ra te d  p ip e t in to  t e s t  tu b e s . To each was added 0 ,1  m i l l i l i t e r  o f 
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th re e  successive  1 .5  m i l l i l i t e r  po rtions of oensene, the benzon© la y e rs  
being removed by p ip e t and combined in  sep ara te  t e s t  tu b es . To each of 
th e  tubes con ta in ing  the  combined e x tra c ts  was added 0 .1  m i l l i l i t e r  o f 
0.2% aqueous Khodamine B. The tubes were thoroughly shaken, the  
co lo red  benzene la y e rs  removed, th e  reagen t cashed w ith  two 1*5 m i l l i ­
l i t e r  p o rtio n s  of benzene, and the  combined washings and colored  
benzene la y e rs  were put in to  10 m i l l i l i t e r  vo lum etric  f la s k s  and d ilu te d  
to  the mark w ith benzene* A bsorption sp e c tra  were then observed fo r  
these  fou r solution® , using a Beckman Model B spectrophotom eter. The 
r e s u l ta n t  curves a re  shown in  F igure 2 .
Inasmuch a® the ra th e r  sharp abso rp tion  maximum a t  560 m illim icrons 
d id  not s h i f t  o r d im inish  in  in te n s i ty  w ith vary ing  antimony concentra­
t io n ,  the  r e la t io n s h ip  of o p t ic a l  d e n s ity  to  con cen tra tio n  was inves­
t ig a te d  over a range of c o n ce n tra tio n s . The procedure employed was the  
same a s  th a t  described  im m ediately above. The r e s u l ta n t  curves a re  shown 
in  F igures 3-4. Data fo r  these  corves a re  given in  Tables I I - I I I .
The e f f e c t  of v a r ia tio n  o f cond itions upon the procedure was nex t 
in v es tig a te d *  The procedures employed in  the e x tra c tio n  and c o lo r 
development were the  same as those described  above.
The s t a b i l i t y  o f the  co lo r of the  complex, a t  a con cen tra tio n  
o f 10 microgrsme o f antimony per m i l l i l i t e r ,  was observed over a 
period  o f 3 .5  hours. The co lo r was found to  be a lto g e th e r  s ta b le  during 
t h i s  period* The same so lu tio n  examined ten  hours l a t e r ,  was found to  
have decreased  in  in te n s i ty  only s l ig h t ly .  The r e s u l ts  a re  shorn in  
F igure 5.
The e f f e c t  o f varying the  a c id i ty  of the sample wa@ stu d ied  by 
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TABLS I I
Data fo r  C oncentration Curve (F igure 3)
Antimony C oncentration  O p tica l D ensity
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TABLE I I I
Data fo r  C oncentration  Curve (F igure  4)
Antimony C oncentration  O p tica l D ensity
(m icrog ram s/ia iX lilite r) ( a t  5&0 mu)
1 0,040
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whose s tre n g th  was v aried  from I  N to  18 ?J. I t  was found th a t  a con­
s id e ra b le  range of a c id ity  was perm issib le*  V a ria tio n s  from 4 N to  12 N 
in  s u lfu r ic  acid  d id  no t cause ap p rec iab le  changes in  o p t ic a l  density*
At a c id i t i e s  much g re a te r  than  12 N an in c re ase  in  o p t ic a l  d e n s ity  was 
no ted , possib ly  due to  the  a c c e le ra te d  a i  r-o x id  a t  Ion of the  io d id e  so lu ­
t io n .  For a c id i t i e s  of le s s  than  4 N the o p tic a l  d e n s ity  began to  de­
c re a se , probably  because of lessened  ex trac tio n *  Figure 6 shows g raph i­
c a l ly  th e  e f f e c t  of a c id i ty  upon f in a l  o p t ic a l  density*
The r a t i o  of io d id e  ion  to  antimony was a l te re d  sy s te m a tic a lly  to  
study i t s  e f f e c t  upon the  o p tic a l  d e n s ity , and to  poss ib ly  gain  some 
evidence o f  th e  n a tu re  of the  aistimony-iodi&e complex being ex trac ted*
As shown in  F igure  7 , a rap id  change in  o p tic a l  d e n s ity  occurs as the  
iod ide/an tim ony molar r a t i o  i s  in c reased , u n t i l  the value 10/1  i s  
reached . This r a t io  i s  o f no obvious th e o re t ic a l  s ig n ifican ce*
The e f f e c t  o f the Rhodamine B con cen tra tio n  was a lso  in v e s tig a te d , 
by vary ing  the r a t i o  of rsols Rhodanine E to  a o ls  antimony in  the i n i t i a l  
so lu tio n *  The r e s u l t s ,  shown in  Figure S9 a re  again o f no obvious 
s ig n ifican ce*
Inasmuch as the  o rd inary  f lu c tu a tio n s  in  lab o ra to ry  tem peratures 
were n o t observed to  a f f e c t  the  re p ro d u c ib il i ty  o f the method, no 
study of tem perature e f f e c ts  was made*
A d e ta ile d  study  of in te r fe re n c e s  to  the procedure was made®
The l i s t  of ions stud ied  i a  given in  Table 1* These ions were p resen t 
in  the  amount o f 1000 micrograms, as compared to  10 micrograms of 
antimony* I f  the  r e la t iv e  e r r o r  d id  no t exceed 5$, the ion was con­
s id e re d  as n o t c o n s titu t in g  an in te rfe ren ce*  N itra te  and n i t r i t e  were
FIGURE 6
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removed p r io r  to  the procedure by eve pore tin - ' the so lu tio n  to  fumes 
o f s u lfu r  t r io x id e ,  cooling* and r e -d i lu tin g  to  th e  i n i t i a l  volume*
The us© o f urea to  remove these  in te rfe re n c e s  lessened  the rep roduc i­
b i l i t y  o f the  method* The ad d itio n  of so lid  sodium s u l f i t e  was sue* 
c e s s fu lly  used to  e lim in a te  the in te rfe re n c e  due to  the l ib e r a t io n  of 
f r e e  iod ine  by such ox id iz in g  agen ts as permanganate, brcm ate, f e r r i c  
and eu p ric  io n s , Th© use of s u l f i t e  lessened* although no t s e r io u s ly , 
the  re p ro d u c ib i l i ty  o f the  method* Bismuth mas the only ion  whose In ­
te r fe re n c e  i t  was no t p o ss ib le  to  e lim ina te  by the  above two steps* In  
the  r a t io  given above* i t  caused a r e la t iv e  e r ro r  of 21$, Bismuth can 
r e a d i ly  be removed from antimony by e x tra c tio n  w ith d ith iso n e  i f  desired* 
Over the range 0 -  200 mi crop; rams of antimony, th ree  successive  
e x tra c t io n s  w ith benzene were requ ired  to  remove com pletely the  antimony 
from the  aqueous layer*
& spectrog raph!e  survey of the e x tra c tio n  was made* In  th is  study 
10C0 mlcrograms o f each of the spectrum -om itting Ions covered In  the  
in te r fe re n c e  study were taken , in  groups, according to  Table 1 , and 
th e  e x tra c tio n  procedure was c a rr ie d  out in  the usual fashion* Gra­
p h ite  e le c tro d e s  were then immersed In the benzene e x tra c ts  fo r  tw enty- 
fo u r hours* The sp ec tra  em itted  by these  e le c tro d e s , using an a rc  
source, were then  photographed, ©long with the iro n  spectrum , a r a le s  
u ltim as spectrum , and a blank* Bismuth was the only Ion observed to  
be e x tra c te d , and i t s  l in e s  wore extrem ely fa in t*
The f a c t  th a t  Rhodamine B had h e re to fo re  been reported  as r e ­
a c tin g  w ith only antimony (V), and n o t antimony ( I I I ) ,  p lus the f a c t  
th a t  c h lo rid e  icn  had always be®n repo rted  as a b so lu te ly  e s s e n t ia l  
to  th© re a c t io n , made im perative  an In v e s tig a tio n  o f the mechanism o f
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th e  e x tra c t io n . I t  -ms d i f f i c u l t  to  bow antimony f i l l )  would ha 
ox id ized  under the p rev a ilin g  co n d itio n s; the  i r iv a lo n t  antimony 
standard© used had been rep o rte d  by ubren ( 35) and o ther worker© 
a s  being s ta b le  fo r two y ears  o r more. A ccordingly a po larograph ic  
in v e s tig a t io n  of the valence s ta te  of antimony In the bonscna la y e r  
was c a r r ie d  o u t. K olthoff and bitigano (33) d escrib e  a v iell-dofined  
wave e x is tin g  fo r  t r iv a le n t  antimony in  1 N s u lfu r ic  a c id , w ith methy­
lene  b lue  as a maximum su pp resso r, bu t s ta te  th a t  pon tava len t antimony 
g iv es  no wave under these  conditions*  100 micrograms of tha antimony 
( I I I )  s tandard  in  I s 3 s u lfu r ic  ac id  was d ilu te d  to  9 .0  m i l l i l i t e r s  w ith  
w a te r, g iv in  an ac id  co n cen tra tio n  of 1 Is. foletfcylen© b ia s  was In 
s u f f ic ie n t  amount to  make i t s  con cen tra tio n  0*013® The system was 
purged o f oxygen in  a po larographic  c e l l  w ith n itro g e n , and then 
polarographed a t  a shunt s e t t in g  o f 50, using a dropping mercury e le c tro d e . 
The curve ob tained  i s  shown by " a 5-' in  f ig u r e  9 . N ex t, to  100 micrograms 
of antimony ( I I I )  in  9*0 m i l l i l i t e r s  of 1 H s u lfu r ic  acid  th e re  was 
added 0.1  m i l l i l i t e r  of 10# potassium  io d id e , follow ed by th e  above 
amount o f methylene b lu e . T his so lu tio n  was polaregraphed under 
id e n t ic a l  cond itions w ith  the f i r s t .  The rosulfcs a re  shovm in  curve 
MBn of F igure 9 . Fol owing th i s ,  100 mlcrogxans of antimony ( I I I )  in  
Is 3 s u lfu r ic  acid  *ere e x tra c te d  In the usual fash ion , the e x tra c t  was 
p l aced in  a beaker over 9*0 m i l l i l i t e r s  of 1 K su lfu r  I* acM nod the 
benzene was flash ed  o f f .  The so lu tio n  was cooled, methylene b lue 
was added, and the so lu tio n  polarographod under the same co n d itio n s 
as the prev ious two had been. Curve *Gn in  Figure 9 shoes th e  r e s u l t .
Th© procedure ju s t  given was then rep ea ted , except th .rt 0 .1  m i l l i l i t e r  
o f 10# potassium  iod ide  was a lso  added to  the  s u lfu r ic  acid  so lu tio n  
a f t e r  the  benzene had been flash ed  o f f .  Curve ttDH In Figure 9 i s
F I G U R E  9





th e  r e s u l ta n t  curve•
DISCUSSION OF RESULTS AND CONCLUSIONS
The re a c tio n s  encountered in  the  spo t t e s t  procedure were most 
s u rp r is in g . I t  was a lto g e th e r  co n tra ry  to  ex p ec ta tio n  th a t  benzene 
should have th e  power to  e x tr a c t  the  iod ide  complex from aqueous so lu­
t io n .  As a lre ad y  m entioned, the  re a c tio n  between Rhodamine B and a n t i ­
mony has always been described  as re q u ir in g  the pen tavalen t form o f 
th e  io n , whereas in  these  s tu d ie s  i t  seemed c e r ta in  th a t  the t r iv a le n t  
form was reac tin g *  And f i n a l ly ,  ch lo rid e  io n , which had been rep o rted  
by e v e r y  p r io r  in v e s tig a to r  a s  a b so lu te ly  e s s e n t ia l  to  the  re a c tio n  
between antimony and Rhodamine B, was not p resen t in  the procedure a t  
hand*
The s e n s i t iv i ty  and s e le c t iv i ty  of the spo t t e s t  procedure des­
c rib e d  here  leave l i t t l e  to  be d e s ire d . Segriwe ( 11) had rep o rted  
0 .5  micrograms as the l im i t  o f id e n t i f ic a t io n  of the Ehodamine B pro­
cedure when used in  an aqueous system* The increased  s e n s i t iv i ty  observed 
by th© w r i te r  i s  n o t su rp r is in g , as m etallo -o rgan ic  compounds are 
f re q u e n tly  more h ig h ly  co lored  in  organic so lven ts than in  w ater.
The use o f the  e x tra c tio n  procedure, p lus th© use of u rea and
sodium s u l f i t e  p r io r  to  th e  e x tra c tio n , perm it the e lim in a tio n  of a l l  
in te r fe re n c e s  to  the t e s t .  This c o n s t i tu te s  a s tr ik in g  i l l u s t r a t i o n  
o f how the hop© fo r  s p e c i f ic i ty  in  spo t t e s t  an a ly s is  l i a s ,  no t in  the
rea g en t, b u t in  the  p r o c e d u r e . Khodamine B , although a s e n s it iv e  and
otherw ise  d e s ira b le  reag en t, i s  f a r  from being a s p e c if ic  reagen t fo r  
antim ony. l e t ,  by the proper co n tro l o f the t e s t  co n d itio n s , and by
33
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apply ing  th e  technique of e x tra c t io n , s p e c i f i c i ty  has been a t ta in e d .
The g re a t  s im ila r i ty  o f the  ab so rp tio n  curves obtained on the  one 
hand by e x tra c tin g  I r iv a le n t  antimony as the Iod ide in to  benzene, and 
re a c tin g  i t  th e re  w ith Rhodamine B, and on the  o th er by re a c tin g  penta- 
v a le n t  antimony in  aqueous so lu tio n  w ith Rhodamine B and c h lo rid e  io n , 
in d ic a te s  th a t  the  co lo red  compounds formed a re  c lo se ly  s im ila r  in  
n a tu re . No evidence fo r  th e  s tru c tu re  of th i s  compound had ever been 
found by p r io r  in v e s t ig a to r s ,  although a ttem pts had been made to  do so . 
The w r i t e r 1s po larog raph ic  In v e s tig a tio n  seems to  show strong  evidence 
th a t  th© antimony in  th e  benzene e x tr a c t  i s  in  the  t r iv a le n t  s t a t e .
Curve •A** i n  F igu re  9 i s  the  curve described  by K olthoff and Lingane 
(33) fo r  antimony ( I H )  in  1 N s u lfu r ic  a c id . Curve WBW in d ic a te s  the  
e f f e c t  o f having antimony ( I I I )  p resen t as the iod ide  complexj th e  de­
com position p o te n t ia l  o f th e  antimony i s  so sh if te d  th a t  th© reduction  
beg ins Im m ediately upon th© a p p lic a tio n  o f p o te n t ia l  to  the system . 
Io d id e  io n , i t  should be no ted , i s  p resen t here  in  considerab le  ex cess . 
In  curve *C% where th e  e x tra c tio n  has been perform ed, i t  i s  noted th a t  
again  the  decom position begins im m ediately b u t th a t  the  s te p  h e ig h t o f 
th e  curve i s  considerab ly  g re a te r .  In  th is  case iod ide  i s  no t p resen t 
in  ex cess , having presumably been e x tra c te d  only in  the  s to re  h i ora© t r i e  
r a t i o  req u ired  by the  antimony te tra iod id©  complex. In  curve "D" an 
excess o f io d id e  was added to  th© so lu tio n  a f t e r  th© ex tra c ted  benzene 
la y e r  had been fla sh ed  o f f .  T his excess of lodid© should be q u ite  c lo se  
to  th a t  e x is t in g  in  curve WB% and the s im ila r i ty  o f the  magnitude of 
th© s te p  h e ig h ts  in  MDB and ”BM in d ic a te s  th a t  th i s  i s  dependent upon th© 
amount o f excess iod ide  p re se n t.
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While benzene has been very  f r e q u e n t l y  used to  e x tra c t  m e ta llo - 
o rgan ic  complexes, th in  appears to  be the  f i r s t  tim e i t  has been used 
In  an a n a ly tic a l  procedure to  e x tr a c t  an Inorgan ic  compound or complex, 
Th© f a c t  th a t  the  e x tra c tio n  f a l l s  o f f  sharp ly  when the icd id o /an tin o n y  
molar r a t io  becomes le s s  than  lO tl  i s  w ithou t obvious s ig n if ic a n c e j c e r­
ta in ly  antimony does no t possess a coo rd ina tion  number of ten* ft o r  does 
th e  Rhodamine B/antimony m olar r a t i o  fo r  maximum o p tic a l  d e n s ity  g ive any 
c lu e  a s  to  th© n a tu re  o f the  co lored  compo nd formed* The e f f e c t  o f 
th e  a c id i ty  upon th© e f f ic ie n c y  of e x tra c tio n  i s  not su rp r is in g , th i s  
being  the  ru le  r a th e r  than the exception*
As to  th© procedure i t s e l f ,  th e re  i s  much to  recommend i t*  Th© 
f a c t  t h a t  th© antimony 1© p re se n t in  the  t r iv a le n t  s ta te  i s  a con­
s id e ra b le  advantage* Maren ( 35) has shown r a th e r  conclusively  th a t  
in  o x id iz in g  antimony ( I I I )  to  antimony (V) a c e r ta in  amount o f  a n t i ­
mony (IV) w i l l  probably be formed. This nchem ical e n t i ty 11 as Maren 
c a l l s  i t ,  i s  n e a r ly  im possible  to  o x id ize , although i t  i s  e a s i ly  reduced 
w ith  s u lf i te *  Maren was ab le  to  circumvent th i s  d i f f ic u l ty  only by 
using  p e rc h lo r ic  ac id  a s  an o x id an t, a s te p  which many a n a ly s ts  p re fe r  
to  avoid* A c e r ta in  tedium I s  involved in  e x tra c tin g  th ree  tim es, 
b u t  th i s  i s  more than compensated fo r  by th© immense gain  in  s p e c i f i c i ty .  
The c o lo r  s t a b i l i t y ,  the  adherence to  B eer1© Law, th© wide perm issib le  
co n cen tra tio n  ranges of a c id , iodld© , and Rhodamine B, the low c o st 
and s t a b i l i t y  of the  rea g en ts , and the accuracy and p rec is io n  o f 
the  method a l l  recommend i t s  widespread adoption*
SUISaRY
1* A s p e c if ic  spo t t e s t  procedure fo r  the  d e te c tio n  of antimony 
has been developed, baaed on th© e x tra c tio n  of antimony ( I I I )  as  the  
io d id e  complex in to  benzene, and consequent re a c tio n  of the e x tr a c t  w ith 
a  s o lu tio n  of Rhodamine B. Th® re a c tio n  product I s  formed in  th© hen- 
gene la y e r ,  to  which i t  Im parts a c h a r a c te r is t ic  color® This procedure 
w i l l  d e te c t  w ith  c e r ta in ty  as l i t t l e  as 0.2  microgram of antimony, a t  
a c o n ce n tra tio n  o f  I t  300,000. S p e c if ic i ty  i s  gained by the a d d itio n  
o f  u rea  and sodium s u l f i t e ,  and by v ir tu e  of the  e x tra c tio n  procedure* 
Based on th e  c r i t e r i a  o f s e n s i t iv i ty ,  s e le c t iv i ty ,  ease of perform ance, 
n o n - c r i t ic a l  n a tu re  o f t e s t  co n d itio n s , and c o s t, s t a b i l i ty  and a v a i l­
a b i l i t y  o f re a g e n ts , i t  appears su p erio r to  any t e s t  y e t repo rted  fo r  
th© d e te c tio n  o f  antimony.
2 . On the  b a s is  o f the  above re a c tio n , a  spectrophotom etrxc proce­
dure has been devised  fo r  the  e s tim atio n  o f microgram q u a n ti t ie s  o f 
antim ony. Antimony ( I I I ) ,  in  1*3 su lfu r ic  acid  i s  reac ted  w ith p o tas­
sium iodide* The re s u l ta n t  iod ide  complex i s  q u a n ti ta t iv e ly  removed 
from the aqueous phase by e x tra c tio n  w ith th ree  successive p o rtio n s  of 
benzene. The benzene e x tr a c t  i s  reac ted  w ith an aqueous so lu tio n  of 
Rhodamine B, the co lored  re a c tio n  product being formed in  th© benzene 
la y e r ,  which i s  removed, d i lu te d  to  volume, and measured a t  560 m i l l i ­
microns* In te r f e r in g  io n s , i f  p re sen t, can be su ccess fu lly  e lim ina ted  
by trea tm en t p r io r  to  e x tra c t io n . Bismuth i s  th© so le  exception  to  
t h i s ,  and I t s  in te rfe re n c e  even a t  a r a t io  to  antimony of 100s1 I s
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n o t serious*  At 10 raicrograms of antimony the  r e la t iv e  a n a ly s is  e r r o r  
o f  th© procedure i s  fuCfo*
3 . The s t a b i l i t y  o f the  co lored  compound has been studied* The con­
d i t io n s  of a c id i ty ,  io d id e  c o n ce n tra tio n , and Rhodamine B co n cen tra tio n  
necessary  fo r  th e  success o f the  procedure have been defined*
A* A sp ec tro g rap h ic  survey of the e x tra c tio n  in d ic a te s  th a t  bismuth 
i s  the  only o th e r  m etal e x tra c te d  under the  cond itions given*
5* P o larog raph ic  s tu d ie s  g ive evidence th a t  the  antimony i s  o re sen t 
in  the  benzene e x tr a c t  5jei the t r iv a le n t  s ta te *
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